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(57) ABSTRACT

The present invention describes a method for building models
in layers, wherein a first material and subsequent thereto
selectively a second material are applied in layers in a build
space, and these two application steps are repeated until a
desired model is obtained. The two materials form a solid
object in a suitable mixing ratio, the first material including a
particulate material and the second material being applied
with the aid of a print head. The first material, the second
material and/or the particulate material include one or more
diamines and/or one or more dicarbonyl compounds as the
binder.
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1
METHOD AND MATERIAL SYSTEM FOR
BUILDING MODELS IN LAYERS

CLAIM OF PRIORITY

This application is a national phase filing under 35 USC
§371 from PCT Application serial number PCT/DE2011/
002087 filed on Dec. 7, 2011, and claims priority therefrom.
This application further claims priority from German Patent
Application Number DE 10 2010 056 346.3 filed Dec. 29,
2010. PCT/DE2011/002087 and DE 10 2010 056 346.3 are
both incorporated herein by reference.

The invention relates to a method for building models in
layers as well as to material systems for use in methods of this
type.

Generative methods for producing 3D structures have long
been known (for example, from EP 0 431 924 Bl or
WO200168375A2).

This includes, among other things, stereo lithographic
methods (solidification of monomeric liquids using a high
energy beam), selective laser sintering (melting particulate
material using a high energy beam) and 3D printing. All
aforementioned methods permit the comparatively economi-
cal manufacture of molds for building prototypes. When
printing devices are equipped with multiple controllable
nozzles, 3D printing permits building speeds that are superior
to all other methods. Its application is therefore not limited to
prototypes. Even series-produced components may be pro-
duced economically.

In principle, different methods may be derived from the
prior art: systems that are entirely liquid-based and systems
that use powder materials, which are selectively solidified by
the introduction of liquid.

The first of these systems, which are entirely liquid-based,
are known, for example, from U.S. Pat. No. 6,259,962 of
Object Geometries [td. This method is based on the fact that
two different materials are generated during solidification.
The model produced in layers may then be removed from the
support material alter printing process with the aid of a dis-
solving method—for example, a water bath.

Solidification of the materials, which were initially fluid
for printing, may take place, for example, using UV radiation.
In addition, two-component or multicomponent systems may
be used, which are brought together and solidified on the
building platform. However, since the complete building vol-
ume must be generated with the aid of ink-jet printers, this
method is comparatively slow and therefore suitable only for
small components.

The methods for building models in layers which use par-
ticulate material are a much more economical alternative, in
particular with regard to time intensity. In these methods, a
powdered material is selectively bonded. The particulate
material is applied in thin layers and smoothed on a work-
place platform, for example using a coater. A print head
solidifies selective areas on the powder layer on the basis of
component data stored in the computer. This process contin-
ues to be repeated until the component is finished and may be
removed from the unbound particulate material.

One advantage of this approach is that part of the compo-
nent material is already provided by the volume of the par-
ticulate material. The amount that must be dispensed in liquid
form is therefore comparatively small. As a result, this
method permits high print head speeds, short layering times
and a—comparatively—simple print head structure.

In this case, the particulate material is solidified by the
bonding of individual particles to each other.
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Polymerizing systems have proven to be particularly suc-
cessful here, since material does not need to be removed from
the molding once it has been applied. In this regard, there is no
danger of shrinkage and therefore material distortion. Sec-
ondly, polymerizing adhesives are known for their strong
bonding forces.

The following main groups, which are suitable for a pro-
cess of this type, may be essentially derived from the prior art:

Epoxy resin systems

Polyurethane systems

Melamine resin systems

Unsaturated polyester

2K silicone

Radically polymerizing systems (RPS)

Novolak systems

RPS systems are frequently used. Many monomers exist
which meet the requirements of the processes and the droplet
generators. With few exceptions, the other aforementioned
systems do not meet the requirements of the droplet genera-
tors.

Starting the reaction is problematic with the RPS systems,
A component must be liquid for processing in droplet gen-
erators. This component must begin to solidify only when it is
dispensed onto the powder. For this purpose, a component
must be present in the powder, which triggers the start of the
reaction.

Inprinciple, there are two ways to maintain this component
in the powder. Either the powder is a mixture of different
particles, or the component is contained in the particles.
Dibenzoyl peroxide, may be used as the initiator component
in RPS. As a pure substance in powdered form, it is a source
of danger. It tends to explode under mechanical impact. Mix-
ing it into the base powder is therefore critical.

So-called head polymerizates, in which peroxide is present
in the individual particulates, present a second possibility. A
powder of this type is not at all critical in its handling. How-
ever, the fact that the initiator component must be released
only by being dissolved from the base component greatly
limits the binder selection. Many compromises must be
accepted.

Another characteristic inherent to RPS is that the binder
tends toward oxygen inhibition. In this case, the polymeriza-
tion is inhibited by the oxygen present in the air. As a result,
the adhesive strength is greatly reduced upon entering the air.
This poses a considerable problem, particularly in 3d print-
ing, in which large effective surfaces occur as a result of the
process. Catalysts are added so that the reaction may take
place at room temperature. These catalysts often pose a sub-
stantial health risk.

The object of the invention is therefore to provide, in dif-
ferent aspects, a method, a binder and a material system for
building models in layers which do not have the disadvan-
tages of known 3D printing methods, in particular RPS, or at
least which reduce or fully overcome the disadvantages of the
prior art.

The object is achieved by the embodiments described in
greater detail in the claims.

In one aspect, the invention relates to a method for building
models in layers, wherein a first material and subsequent
thereto selectively a second material are applied in layers in a
build space, and these two application steps are repeated until
a desired model is obtained; the two materials form a solid
body in a suitable mixing ratio; the first material contains a
particulate material; and the second material is applied with
the aid of a print head; and wherein the first material, the



US 9,321,934 B2

3

second material and/or the particulate material include(s) one
or more diamines and/or one or more dicarbonyl compounds
as the binder.

In another aspect, the invention relates to a use of one or
multiple diamines and one or multiple dicarbonyl compounds
in a method for building models in layers.

In another embodiment of this aspect, the invention relates
to a use of one or multiple diamines and one or multiple
dicarbonyl compounds for building models in layers, wherein
a particulate material and subsequent thereto selectively one
or multiple diamines and/or one or multiple dicarbonyl com-
pounds are applied in layers in a build space with the aid of'a
print head, and these two application steps are repeated until
a desired model is obtained.

In another aspect, the invention relates to a material system
for building models in layers, comprising a first material and
a second material, wherein one of the materials includes a
particulate material and one of the materials includes one or
multiple diamines and/or one of the materials includes one or
multiple dicarbonyl compounds.

In another embodiment of this aspect, the invention relates
to a materials system for building models in layers, wherein a
first material and subsequent thereto selectively a second
material are applied in layers in a build space, and these two
application steps are repeated until a desired model is
obtained; the two materials form a solid body in a suitable
mixing ratio; the first material contains a particulate material;
and the second material is applied with the aid of a print head,
wherein the composition comprising the first and second
materials and possibly the particulate material includes one or
multiple diamines and one or multiple dicarbonyl com-
pounds.

In another aspect, the invention relates to a solid body,
manufactured by means of a method according to the inven-
tion, according to a use according to the invention or with the
aid of a material system according to the invention.

The disadvantages of the prior art are overcome, or these
disadvantages are at least mitigated, by means of the inven-
tion. Moreover, different advantages in the manufacture of
three-dimensional models or components result from the
invention.

Among other things, the fact that the invention provides an
advantageous, two-component binder system, which permits
peroxide-free, selective bonding of the individual layers in a
polycondensation reaction, should be mentioned. In this case,
two components—at least one diamine and at least one dicar-
bonyl compound—are caused to react. Both components are
available and may be used in both liquid and solid form.

Since the method according to the invention, in which the
composition according to the invention is to be used, provides
a liquid and a powdered component (solid component), this
results in a certain variety of embodiments which are, in
principle, different:

1. The diamine and the dicarbonyl compound are both
present in solid form in the powder component. The
liquid component brings both components into solution
after printing and facilitates the reaction.

2. A liquid diamine is applied id a powder which contains
a dicarbonyl compound.

3. A liquid dicarbonyl compound is applied to a powder
which contains a diamine.

4. A solid diamine is placed in a carrier solution and applied
to a powder having a dicarbonyl compound.

5. A solid dicarbonyl compound is placed in a carrier solu-
tion and applied to a powder having a diamine.
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To optimize the reaction in the method, use and material
system according to the invention, liquid and solid reactants
may also be combined, whereby only the separation of the
reactants is crucial.

In addition, different substances (for example, different
diamines and/or different dicarbonyl compounds) may be
mixed, The solid component is always a mixture of a base
material and the reagent used depending on the system. For
example, PMMA in the form of a bead or emulsion polymer-
izate may be used as the base material. Since this component
is not required for the reaction, however, a wide range of
organic and inorganic materials may be used.

“Building models in layers” may be understood to mean
any method in which thin layers are applied to each otherin a
cyclical manner and are subsequently solidified in the desired
manner according to predefined data. 3D printing is used
according to the invention, Working with a radically polymer-
izing system (RPS) is particularly preferred. Solid models
and components may thus be obtained.

The invention is used in “three-dimensional printing meth-
ods,” “3D printing methods,” or “methods using a layering
technique.”

In 3D printing, methods which are used according to the
invention, nozzles are used to apply material in the form of
droplets, and these nozzles are customarily combined in print
heads. Print heads used in 3D printing methods of this type
usually comprise multiple components. So-called print mod-
ules, which have a limited number of individually control-
lable nozzles, form a key element thereof. The nozzles oper-
ate according to a drop-on-demand principle, customarily
with the aid of piezoelectric actuators which cause one drop-
let to be discharged from each controlled nozzle upon the
application of a corresponding current pulse. The droplets are
relatively small and some of them have diameters of less than
50 pum.

In addition to the electrical connections, the print modules
also have a fluid supply line which usually leads to a fluid
reservoir, which is preferably located above the nozzles. The
print modules are located in a receptacle which permits mul-
tiple modules to be aligned with each other.

Itis apparent from the size of the droplets that the deviation
of'the nozzle positions in relation to each other must, in each
case, be much less than the droplet diameter and is therefore
usually only a few micrometers. A receptacle should there-
fore have a design which is as rigid as possible in order to
statically and dynamically maintain a precise position of the
print modules once this position has been selected.

The individual method steps, uses or the material system
according to the invention are carried out or used, according
to the invention, in a build space.

Working on a building platform which preferably has lat-
eral limits and into which the necessary materials are intro-
duced, is particularly preferred. All devices known for 3D
printing may be used in the invention. Particularly preferred
building platforms are the VX500 or VX800 (Voxeljet Tech-
nology GmbH, Friedberg).

All materials known in 3D printing which may be com-
bined with the invention may be used as materials.

Depending on the embodiment, “binder” is understood to
be the combination of at least one diamine and at least one
dicarbonyl compound in a solid, liquid or dissolved form,
whereby a polyamine forms in the powder bed which bonds
the powder particles to each other and helps solidify the
component in this manner. Another variant of the binder
comprises dissolved diamine and/or dissolved dicarbonyl
compound. In particular embodiments, this may also be



US 9,321,934 B2

5

understood to be the solvent which is used to facilitate the
polymerization reaction and thus achieve the formation of a
solid body.

Any 3-dimensional form based on, for example, predefined
3D computer data, may be obtained as the “model”, “solid
body” or “component.” The solid bodies obtained are either
models or prototypes or finished, usable components. The
solid bodies may be subjected to additional operations.

“A suitable mixing ratio” is understood to be any mixing
ratio of the materials and additional substances and compo-
nents used, such as solvents, for the purpose of obtaining a
solid body in a method for layered construction. Equimolar
mixing ratios with regard to the number of carbonyl functions
as opposed to the total number of amine functions, are pref-
erably used. In one particularly preferred embodiment, a
slight excess of amine component(s) is used.

In preferred embodiments of the method according to the
invention, the solid body remains in a powder bed under
environmental conditions for 5 to 24 hours, preferably for 8 to
12 hours, particularly preferably for 10 to 11 hours after the
final applied layer has been printed.

In an additional step, the solid body may be subjected to
heat treatment. The solid body is preferably stored at 40° C. to
60° C., preferably at 50° C. to 60° C. for 3 to 7 hours, more
preferably for 4 to 6 hours.

The first material in the reaction preferably contains non-
participating organic and/or inorganic substances.

“Non-participating organic and/or inorganic substances”
are understood to be, for example, substances or substance
mixtures which are suitable for facilitating a solid body in the
method, the use and the material system according to the
invention.

A particulate material containing PMMA (polymethyl
methacrylate) or a powder based on PA (polyamide), for
example Vestosint® (Degussa AG), Ultramid® (BASF SE) or
Innov’ PA (Exceltec sarl), may preferably be used as the first
material.

In one preferred embodiment, the second material is an
atomizable solution which contains diamines or dicarbonyl
compounds. In another preferred embodiment, the atomiz-
able solution contains neither of these two substances. The
diamine and carbonyl compound or multiple diamines or
carbonyl compounds are contained or included in the first
material in this embodiment.

An “atomizable solution” is understood to be any solution
or any fluid which may be selectively applied with the aid of
nozzles to a defined location in a defined dose. Examples of
“atomizable solutions” are the solvents used in the invention.

In one preferred embodiment, the second material may
bring diamines or dicarbonyl components into solution in a
solid phase.

“To bring into solution in a solid phase” is understood to
mean that the at least one diamine and/or the at least one
dicarbonyl compound is present in the solid phase, and the
second material is selected in such a way that it is able to bring
diamines and dicarbonyl compounds into solution.

In one preferred embodiment, the second material is a
solvent, preferably a solvent mixture. It may preferably be a
polar solvent. Aliphatic and aromatic alcohols and esters are
preferably used, particularly preferably propanol, butanol,
hexanol, benzyl alcohol, ethyl acetate and hexyl acetate.

An excess amount of one of the two components may be
present after the processing compound has been added via the
print head. The two components are particularly preferably
present in an equimolar ratio. The two components comprise
either pure substances or a mixture of corresponding sub-
stance classes. A solvent mixture including or comprising 50
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wt % benzyl alcohol, 25 wt % hexyl acetate and 25 wt %
2-propanol is particularly preferred.

The diamine and dicarbonyl compound may be present in
any suitable form that makes them usable in the invention, the
diamine and dicarbonyl compound being preferably present
in the second material The second material particularly pref-
erably contains one or multiple diamines and/or one or mul-
tiple dicarbonyl compounds in the liquid or solid phase.

All known components that are compatible with the other
components and substances which may be used according to
the invention may be used as dicarbonyl compounds. In one
preferred embodiment, the dicarbonyl compounds are
replaced or supplemented by metal salts of dicarbonyl com-
pounds.

For example, the following “metal salts” of dicarbonyl
compounds may be used, particularly preferably “metal
salts” of acetylacetone: zinc acetylacetonate, manganese
acetylacetonate, preferably copper acetylacetonate, iron(Il)
acetylacetonate and iron(IIl) acetylacetonate. The conden-
sate of the reaction is preferably removed from the system
with the aid of hygroscopic substances. The printing process
may furthermore be carried out at an elevated temperature, or
an oven process may be subsequently carried out, or both, in
order to enhance the removal of the condensate.

Moreover, catalytic quantities of protons in the form of
organic acids may be used to optimize the reaction. Lewis
acids are conceivable as alternative catalysts.

The substances and components used according to the
invention may be present in any suitable form. The diamine
and/or the dicarbonyl compound is/are preferably present in a
carrier solution.

Aliphatic and aromatic alcohols and esters may preferably
be used as the “carrier solution,” particularly preferably pro-
panol, butanol, hexanol, benzyl alcohol, ethyl acetate and
hexyl acetate. In preferred embodiments, the diamine is
selected from the group comprising primary diamine alkanes,
preferably diaminododecane, diaminohexadecane, and
polyamines, preferably spermine, and aromatic diamines,
preferably phenylenediamine, diaminobenzoic adds, particu-
larly preferably 3,5-diaminobenzoic acid, and liquid
diamines, preferably ethylenediamine, propylenediamine
and/or spermidine.

The diamine is preferably present in a quantity of Sto 15 wt
%, preferably 8 to 12 wt %, particularly preferably 10 wt % in
relation to the total quantity.

“Total quantity” is understood to be the sum of the masses
of'the base material (PMMA or PA) and the active component
in the powder.

The dicarbonyl compound is preferably selected from the
group comprising diketone compounds and their metal com-
plexes, in particular the liquid acetylacetone under process
conditions and 2,5-hexandione, copper(Il) acetylacetonate,
iron(IIT) acetylacetonate in solid form, and liquid dialde-
hydes, preferably glyoxal, glutaraldehyde, and the solids
phthaldialdehyde, isophthaldialdehyde and terephthaldialde-
hyde.

The binder content is preferably between 5 wt % and 40
wt %, preferably between 8 wt % and 15 wt %, particularly
preferably between 9 wt % and 11 wt %.

The invention furthermore relates to a solid body, manu-
factured by means of a method according to the invention,
according to ause according to the invention or with the aid of
a material system according to the invention.

A solid body according to the invention preferably has a
solidity of 6 to 8 MPa, particularly preferably 6 to 7 MPa,
and/or a modulus of elasticity of 700 to 950 MPa, particularly
preferably 750 to 900 MPa.
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The invention is illustrated in preferred embodiments in the
following examples.

EXAMPLES

1. Description of the Basic Chemical Reaction

The reaction takes place between a diamine and a dicarbo-
nyl compound in a condensation reaction, forming a poly-
Schiff base in the dissolved phase. A nucleophilic attack on
the carbonyl compound by the nitrogen takes place, and a
semiaminal results as the intermediate product, which is then
converted to imine by water elimination. This reaction repre-
sents an equilibrium reaction, the establishment of which may
be accelerated by adding catalytic quantities of protons and
which may be shifted to the polymer side by removing the
condensation product.

FIG. 1
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Representation of a Schiff base comprising a ketone (R1 = C) or an
aldehyde (R1 = H) and a primary amine with the aid of water elimination

FIG. 2
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Representation of a poly-Schiff base comprising a
diamine and a dialdehyde with the aid of water elimination

2. Preferred Substances Used

PMMA is particularly preferably used as the base material.
PA-based powder (Vestosint®) is likewise preferably used.

Aliphatic and/or aromatic diamines may be added to the
base powder as the solid. Primary diamine alkanes such as
diaminododecane, diaminohexadecane are preferably used,
or polyamines such as spermine, aromatic diamines such as
phenylenediamine, diaminobenzoic acids, particularly pref-
erably 3,5-diaminobenzoic acid.

Ethylenediamine, propylenediamine, spermidine are pre-
ferred as liquid diamines. Diketone compounds and their
metal complexes are preferably used as dicarbonyl com-
pounds, in particular liquid acetylacetone under process con-
ditions and 2,5-hexandione, copper(Il) acetylacetonate, iron
(IIT) acetylacetonate in solid form, preferably liquid
dialdehyde, in particular glyoxal, glutaraldehyde, particu-
larly preferably the solids phthaldialdehyde, isophthaldialde-
hyde and terephthaldialdehyde.
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The component processed via the print head is processed
either as a pure substance or in dissolved form. Aliphatic and
aromatic alcohols and esters are preferably used as solvents,
particularly preferably propanol, butanol, hexanol benzyl
alcohol, ethyl acetate and hexyl acetate. An excess amount of
one of the two components may be present after the com-
pound processed via the print head been added; the two com-
ponents are particularly preferably present in an equimolar
ratio. The two components comprise either pure substances or
a mixture of corresponding substance classes.

3. A System Having Liquid Diketone

0.6 kg of 3,5-diaminobenzoic acid (10 wt % in relation to
the total quantity) are mixed into 5.4 kg of a PMMA of the
MS546 type for approximately 1.5 hours, using a hall mill,
until a homogeneous mixture is obtained. The mill balls are
then sifted. As the liquid component, 2,5-hexandione is used
as the binder.

Following the preparations, the materials are processed in
a 3D printer. The added binder is between 5 wt % and 40 wt
%, preferably between 8 wt % and 15 wt%, particularly
preferably between 9 wt % and 11 wt %.

The components remain in the powder bed under environ-
mental conditions for 5 to 24 hours after the final applied layer
has been printed. They may then be safely removed from the
powder bed without any deformation.

The components are then stored at 40° C. to 60° C. for 3 to
7 hours, preferably for 4 to 6 hours. Solidities on the PMMA
base material of 7 MPa and a modulus of elasticity of 900
MPa have been measured. The body achieved in this manner
is porous.

4. A System Having Solid Reactants

Both material components are present in the powder bed
and are printed with a solvent or a solvent mixture.

0.6 kg of 3,5-diaminobenzoic acid and 0.53 kg of tereph-
thaldialdehyde are homogeneously mixed into 4.87 kg of a
PMMA of the M 546 type for 1.5 hours, using a ball mill. The
balls are sieved, and the powder is processed in a 3D printing
machine. A solvent mixture comprising 50 wt % benzyl alco-
hol, 25 wt % hexylacetate and 25 wt % 2-propanol is used as
the binder system.

Following the preparations, the materials are processed in
a 3D printer. The added binder is preferably between 5 wt %
and 40 wt %, preferably between 8 wt % and 15 wt %,
particularly preferably between 9 wt % and 11 wt %.

The components remain in the powder bed under environ-
mental conditions for 5 to 24 hours after the last applied layer
has been printed. They may then be safely removed from the
powder bed without any deformation.

The components are then stored at 40° C. to 50° C. for 3 to
7 hours, preferably for 4 to 5 hours. Solidities on the PMMA
base material of 6.5 MPa and a modulus of elasticity of 750
MPa have been measured. The body achieved in this manner
is porous.

What is claimed is:

1. A method for building models in layers, wherein a first
material and subsequent thereto selectively a second material
are applied in layers in a build space, and these two applica-
tion steps are repeated until a desired model is obtained; the
two materials form a solid body in a suitable mixing ratio; the
first material includes particulate material; and the second
material is applied with the aid of a print head, and wherein
the first material, the second material or the particulate mate-
rial includes at least one or more dicarbonyl compounds as a
binder.

2. The method according to claim 1, wherein the method
includes a step of printing a final applied layer, and the solid
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body remains in a powder bed under environmental condi-
tions for 5 to 24 hours after the final applied layer has been
printed.

3. The method according to claim 1, wherein the solid body
is subjected to heat treatment in an additional step, the solid
body being stored at 40° C. to 60° C.

4. A material system for building models in layers, com-
prising a first material and a second material, wherein one of
the materials includes a particulate material and one of the
materials includes one or multiple diamines and one of the
materials includes one or multiple dicarbonyl compounds as
a binder.

5. A method for building models in layers, wherein a first
material and subsequent thereto selectively a second material
are applied in layers in a build space, and these two applica-
tion steps are repeated until a desired model is obtained; the
two materials form a solid body in a suitable mixing ratio; the
first material contains a particulate material; and the second
material is applied with the aid of a print head, wherein the
composition comprising the first and second materials
includes diamines and dicarbonyl compounds.

6. The material system according to claim 4, wherein the
first material contains organic or inorganic substances which
do not participate in a reaction with the binder.

7. The material system according to claim 4, wherein a
particular material containing PMMA or a powder based on
PA is used as the first material.

8. The material system according to claim 4, wherein the
second material is an atomizable solution which contains
diamines or dicarbonyl compounds.

9. The method according to claim 1, wherein the binder
includes one or more diamines, and the first material, the
second material or the particulate material includes the at
least one or more diamines.

10. The material system according to claim 4, wherein the
second material is a solvent.
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11. The material system according to claim 4, wherein the
second material contains the diamines or dicarbonyl com-
pounds in a liquid phase.

12. The material system according to claim 11, wherein the
material system includes metal salts of dicarbonyl com-
pounds.

13. The method according to claim 9, wherein the method
includes a step of reacting the one or more diamines and the
one or more dicarbonyl compounds and a step of removing
condensate of the reaction from the system with the aid of
hygroscopic substances.

14. The material system according to claim 4, wherein the
diamine and/or the dicarbonyl compound is present in a car-
rier solution.

15. The material system of claim 4, wherein the one or
multiple diamines includes a diamine selected from the group
comprising primary diamine alkanes, polyamines, aromatic
diamines, diaminobenzoic acids, and liquid diamines.

16. The material system according to claim 15, wherein the
diamine is present in a quantity of 5 to 15 wt % in relation to
the total quantity.

17. The material system according to claim 4, wherein the
dicarbonyl compound is selected from the group consisting of
diketone compounds and their metal complexes, liquid dial-
dehydes, solid phthaldialdehyde, solid isophthaldialdehyde
and solid terephthaldialdehyde.

18. The material system according to claim 4, wherein the
binder is between 5% and 40%.

19. A solid body manufactured with the method of claim 1,
wherein the solid body has a modulus of elasticity of 700 to
950 MPa.

20. The material system according to claim 4, wherein the
second material is a solvent mixture of benzyl alcohol, hexy-
lacetate and 2-propanol.
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